Abstract: Currently, wetland stability is under threat due to the joint effects of global climate change and human activity, especially in lakes. Hence, it is necessary to evaluate the health status of wetland ecosystems such as lakes, identify the variables causing the wetland degradation and work to protect the wetlands from the identified variables in the future. Based on fourteen high-resolution autumn remote sensing images from 1989-2013, the classification characteristics and spatial distribution patterns of wetland landscapes in Poyang Lake were studied through quantitative interpretation technology. An established health assessment index system named the EHCI (Ecological Health Comprehensive Index) was used to assess the health status of Poyang Lake. Additionally, the relationship between water regime and health status of wetland landscape distribution of Poyang Lake were investigated by multivariate statistical analysis. The results demonstrated: (1) The total area of three first level (or six second level) types of wetland landscapes showed a stable status, which was long-term maintaining at about 3026 km 2 from 1989-2013. (2) The water area shows a downward trend, while the areas of vegetation and land-water transition zone show upward trends. (3) The proposed EHCI of the Poyang Lake wetland presented a downward trend. According to the EHCI results from 1989-2013, the health status of Poyang Lake wetland was healthy for two years, unhealthy for four years and sub-healthy for eight years. (4) The water level fluctuation greatly affected the EHCI, and the effect became greater as the water level increased. These results contribute to the understanding of specific effects of hydrological process on the health status of the Poyang Lake wetland. In addition they provide a scientific reference for the maintenance of stable ecosystem functions of the seasonal freshwater lake. These results contribute to the understanding of specific effects of hydrological process on the health status of the Poyang Lake. In addition they provide a scientific reference for the maintenance of stable ecosystem functions of the seasonal freshwater lake.
Introduction
Wetlands are one of the most important and valuable ecosystems in the world, located between terrestrial ecosystems and open water ecosystems, and known as "Earth's Kidney" [1] . Wetlands are a unique natural landscape pattern that provides important and diverse benefits to human beings. Contributing ecological and economic significances in equalizing floods, regulating climate, purifying water, maintaining biodiversity, beautifying the environment and provisioning habitat and cultural services [2, 3] . However, due to global climate change and human activities (e.g., urbanization, land use, sand mining), wetlands around the world are facing many undesirable problems, such as area shrinking, ecosystem function degradation and biodiversity decreasing. Nicholls et al. [4] stated sea-level rise induced by the Greenhouse effect cause the loss of up to 22% of the world's coastal wetlands; what's more when combined with other losses due to direct human action up to 70% of the world's coastal wetlands could be lost by the 2080s. Mitsch and Gosselink [5] showed that in total about 50% of the world's natural wetland area has been destroyed due to city expansion, agricultural development and other land uses, especially in Europe and Asia. With the deterioration of wetland ecological function and the further threat to wetland health, it has forced people around the world to re-examine their existing strategies and models to nature, and pay more attention to ecological protection and restoration work of wetland ecosystem [6, 7] . Thus, it is necessary for us to carry out the health status assessment research of wetlands, identify the variables causing the wetland degradation and working to protect the wetlands from the identified variables in the future [8] .
However, nowadays there was no clear definition of the wetland ecosystem health. The International Association for Ecology and Health reported that a healthy wetland ecosystem was stable and sustainable; it was always vigorous and was easy to self-healing even under external stress [9] . Meyer [10] showed that a healthy ecosystem should maintain structure and function of the ecosystem, and also take human and social values into account. For the reasons of the uncertain definition of the wetland ecosystem health, there are different methods to evaluate wetland ecosystem health. Currently, wetland ecosystem health assessments are mainly focused on using biodiversity monitored and investigated through field surveys by most domestic and foreign researches, particularly in lake ecosystem health assessments.
Previous studies often used the index of biotic integrity (IBI) to evaluate the health status of the lake wetland ecosystem [11] . IBI method was first put forward by in 1981 [12] . It consists of five biological groups, viz. fish IBI (F-IBI) [13, 14] , benthic IBI (B-IBI) [15] , plankton IBI (P-IBI) [16] , alga IBI (A-IBI) [17] and aquatic plants IBI (AP-IBI) [18] . Karr [19] applied the fish IBI to evaluate the quality level of the lakes in America. Referring to the five biological IBI, some Chinese scholars tried to establish vegetation IBI to evaluate lake wetland health status [20] . Despite the IBI method being used to reveal wetland ecosystem health status to a certain extent; there were still some deficiencies to be resolved. For example, the IBI method usually depends solely on one single indicator and with a relatively simple evaluated process [21, 22] ; moreover it is difficult to calculate the weight value of evaluated index [23] . Thus IBI method is difficult to reflect the wetland ecosystem health status accurately, particularly in the wetland ecosystem with large temporal and spatial watershed scales [24] .
In response to existing deficiencies of IBI method, studies suggested another kind of ecosystem health assessment method named the Ecological Health Comprehensive Index (EHCI). The EHCI was created to establish a multi-level and multi-indicator comprehensive health index system to quantitatively evaluate and compare the ecological health status of wetland systems. Compared to the IBI, the basic principle and calculation of the EHCI was simpler; and it was easier to define the importance of each assessed index and its weight value in the wetland system. The evaluated result was more reliable and intuitive. Thus the EHCI was been widely used in the evaluation of wetland ecosystems health status, especially in lake wetlands at various spatial and temporal scales.
Poyang Lake is China's largest freshwater lake with a high degree of spatial-temporal variation. Poyang Lake is rich in biodiversity, with 102 species of aquatic plants, 122 species of fish and 300 species of birds. Poyang Lake is in the first batch of the Ramsar Convention List of 42 international important wetlands in the world [25] . However, recently due to the global climate (e.g., phenomenon of El Niño and La Nina) and anthropogenic activity, water level fluctuations of Poyang Lake experienced an abnormal state. The anthropogenic activity such as sand mining [26] , reclaiming farmland from the lake [27] , and channel regulation of the lake region have increased the volume of Poyang Lake and lowered the elevation of the lake bed. The abnormal water level fluctuation has brought a series of adverse effects onto Poyang Lake wetland [28] . For instance, the wetland area and biodiversity are dramatically reduced, and the water environment is gradually more concerning. These adverse effects have seriously hampered social and economic development of the lake region [29] . Thus it is urgent to carry out the health status assessment of the Poyang Lake wetland ecosystem.
The wetland ecosystem in Poyang Lake has attracted public attention during the past decade. Relevant research to date has primarily analyzed and investigated wetland ecosystem health assessment, mainly based on field surveys or laboratory experiments rather than remote sensing technology, focused on the IBI method rather than EHCI, more on riparian and coastal zones rather than lake wetland [30, 31] . Meanwhile, previous studies rarely involved in study of ecological health assessment of lake wetland [32] .
Herein, we extract Poyang Lake wetland landscapes at the watershed scale based on the long-term remote sensing database from 1989-2013. Then we apply EHCI methodology to evaluate the Poyang Lake wetland health status. The effect of water level fluctuations on the health status of Poyang Lake is also investigated. The aim of this study was (1) to further understand the dynamic change of Poyang Lake wetland landscape including its distribution area and internal structure; (2) to investigate the health status of Poyang Lake wetland by EHCI methodology; and (3) to delineate the effects of water level fluctuation on the Poyang Lake wetland health status. The study can provide a new theoretical and technical approach for Lake Wetland ecosystem health assessment, which is very helpful to protect the lake wetland ecology and maintain the wetland security and its biodiversity.
Materials and Methods

Study Area
Located in the middle and lower reaches of the Yangtze River on the south shore, Poyang Lake is the largest freshwater lake and an important ecological function protection area in China. The length of the lake from north to south is 173 km, and mean east-west width is 16.9 km, with a maximum of 74 km and a minimum of 2.8 km. Poyang Lake watershed covers an area of 16.2 × 10 4 km 2 , representing 97% of the area of Jiangxi Province and 9% of the area of the Yangtze River watershed [27] . Poyang Lake receives inflows from the Gan River, Fu River, Xinjiang River, and Xiushui River (the "Five River") and in turn, discharges to the Yangtze River through Hukou County, Jiangxi Province. There are five monitoring hydrological stations at the lake, which are Hukou Station, Xingzi Station, Duchang Station, Tangyin Station and Kangshan Station from the north to the south (Figure 1 ) [33] . The five monitoring hydrological stations record the water levels of their own respective jurisdiction in Poyang Lake each day. The water level fluctuates naturally with drought and wet cycles in different seasons with an average depth of 8 m and a high degree of seasonal variation. It varies remarkably from several thousand km 2 in summer to less than one thousand km 2 in winter. Poyang Lake forms a heterogeneous landscape with rivers, lakes, and beaches. The vegetation of Poyang Lake is abundant, with reeds, silver grass, Carex, and submerged vegetation from the lakeshore to the middle of the lake. Every winter, hundreds of thousands of migratory birds come to Poyang Lake to overwinter. It is mentioned that 95% of the Siberian crane around the world overwinter in Poyang Lake. Thus Poyang Lake is called a "Paradise of Migratory Birds", "Second Great Green Wall in China", and "Kingdom of Siberian crane", all of which make Poyang Lake National Nature Reserve world-famous [27] .
Extraction of the Wetland Landscape Information
Data Preparation
Daily water level data (unit: m, Wusong datumn level) from 1989 to 2013 were collected at the five hydrological stations (e.g., stations of Hukou, Xingzi, Duchang, Tangyin, and Kangshan) around the Poyang Lake. Additionally a total of 14 Landsat images (Path/row: 121/40) of Poyang Lake during 1989-2013 were downloaded from the Earth Observation and Digital Earth Science Center, Chinese Academy of Sciences. Landsat images are Systematic Geocorrection products resulting from geometric system correction and atmospheric radiation correction (Table 1) . 
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Data Preparation
Daily water level data (unit: m, Wusong datumn level) from 1989 to 2013 were collected at the five hydrological stations (e.g. stations of Hukou, Xingzi, Duchang, Tangyin, and Kangshan) around the Poyang Lake. Additionally a total of 14 Landsat images (Path/row: 121/40) of Poyang Lake during 1989-2013 were downloaded from the Earth Observation and Digital Earth Science Center, Chinese Academy of Sciences. Landsat images are Systematic Geocorrection products resulting from geometric system correction and atmospheric radiation correction (Table 1) . Table 1 . Basic information on the remote sensing images of Poyang Lake, China.
Sensor Date Cloud coverage (%) TM 19891120
Cloud coverage <15%, and it could be ensured that over the study area was all cloudless. Cloud coverage <15%, and it could be ensured that over the study area was all cloudless. There are five main hydrological stations distributed throughout Poyang Lake. Each station regularly records daily water level. A previous study [34] showed the correlation among the five hydrological stations in Poyang Lake by Gray Correlation Analysis, indicating that Xingzi station could represent 90.35% variation of the water level fluctuations recorded by Duchang station, and could represent 88.32% variation of the interaction between Poyang Lake and the Yangtze River. Meanwhile, Xingzi station could represent 95.30% and 71.84% of the water regime of Tangyin station and Kangshan station, respectively. Thus our study takes Xingzi station to record water level fluctuation of Poyang Lake to study dynamic responses between the water regime and health status of the wetland landscape at Poyang Lake.
Classification of Landscape Information
Wetland classification data were extracted from the remote sensing images in combination with spectral characteristics of different land types. According to the "Convention on Wetlands of International Importance Especially as Waterfowl Habitat" [35] and the "Wetland classification system in China" [36] , a classification criterion was established for Poyang Lake and validated by field surveys. The classification criterion included two levels (1) water, vegetation, land-water transition zone and (2) six types of the wetland landscapes, which were two kinds of sub-water (deep-water and shallow-water), two kinds of sub-vegetation (sparse-grassland and dense-grassland), and two kinds of sub-land-water transition zone (mudflat and bare-land), respectively. Following field surveys of the distribution and structure of the landscape in the Poyang Lake region, typical landmarks were selected by fixed-point observation at the lakeshore and by cruise-fixed-point investigation at the lake surface. The overall classification accuracy of the remote sensing images was more than 80% compared to ground truth.
Evaluated Method of Health Status of Poyang Lake Wetland
Construction of Evaluation Index System
Referring to other lake ecosystem health assessment methods, the health assessment indicators of Poyang Lake contain three layers, including the target layer, criteria layer and index layer. The target layer is to reflect the overall health status of Poyang Lake, which is expressed by the Ecological Health Comprehensive Index (EHCI) of the wetland. The criterion layer is used to reflect different aspects of the target layer, namely, the attribute and level of the health status of Poyang Lake wetland. Meanwhile, the criterion layer is the key layer for selecting the evaluation elements for the index layer. We take the health status of the water, vegetation and land-water transition zone as the criterion layer. The index layer is composed of several indicators under the guidance of the criteria layer. The overall distribution and internal structure are taken into account based on the defined criterion layers and information extracted from the criterion layers. The index layer consists of six wetland landscape distribution areas and their area ratio. To sum up, there are three evaluation indicators in the criteria layer and nine evaluation indicators in the index lay to establish the health assessment index system in Poyang Lake (seen in Figure 2 ).
Calculation of the Weight of Evaluated Index
In this study, we assumed that the overall distribution and internal structure of Poyang Lake wetland landscape extracted are equally important. Providing information that is given by the criteria layer and index layer and applying the average weight method to determine the weight of the indicators of the criteria layer and index layer. The three evaluation indicators in the criteria layer are weighted by the equivalent of 1/3. And the nine evaluation indicators in the index layer are given the same weight value of 1/9. And the total weight of the evaluation indicators in the two layers is 1 ( Table 2 ). 
In this study, we assumed that the overall distribution and internal structure of Poyang Lake wetland landscape extracted are equally important. Providing information that is given by the criteria layer and index layer and applying the average weight method to determine the weight of the indicators of the criteria layer and index layer. The three evaluation indicators in the criteria layer are weighted by the equivalent of 1/3. And the nine evaluation indicators in the index layer are given the same weight value of 1/9. And the total weight of the evaluation indicators in the two layers is 1 ( Table 2) . Table 2 . Weight of each indicator in the evaluated index system.
Criteria layer Weight Index layer Weight
Health status of water 1/3
Deep-water area 1/9 Shallow-water area 1/9 Area ratio between deep water and shallow-water 1/9
Health status of vegetation 1/3
Sparse-grassland area 1/9 Dense-grassland area 1/9 Area ratio between dense-grassland and sparse-grassland 1/9
Health status of land-water transition zone 1/3
Mudflat area 1/9 Bare-land area 1/9 Area ratio between mudflat and bare-land 1/9 Sum 1 Sum 1
Calculation of the Ecological Health Comprehensive Index of Poyang Lake Wetland
Data Normalization
Because there exists an enormous difference between the total distribution of the wetland landscape (distribution area) and the internal data (area ratio) extracted from the remote sensing image, it is necessary to pre-process the acquired data before calculating the Ecological Health Comprehensive Index (EHCI) of Poyang Lake. In this study, we apply the ratio correction method to Deep-water area 1/9
Shallow-water area 1/9
Area ratio between deep water and shallow-water 1/9
Sparse-grassland area 1/9
Dense-grassland area 1/9
Area ratio between dense-grassland and sparse-grassland 1/9
Mudflat area 1/9
Bare-land area 1/9
Area ratio between mudflat and bare-land 1/9 Sum 1 Sum 1
Calculation of the Ecological Health Comprehensive Index of Poyang Lake Wetland
Data Normalization
Because there exists an enormous difference between the total distribution of the wetland landscape (distribution area) and the internal data (area ratio) extracted from the remote sensing image, it is necessary to pre-process the acquired data before calculating the Ecological Health Comprehensive Index (EHCI) of Poyang Lake. In this study, we apply the ratio correction method to make the original data of the elevated index dimensionless to ensure comparability of the comprehensive analysis results. The calculation formula of the corrective ratio method is as follows [37] :
where r ij is the dimensionless value of the evaluated index from the Index layer (seen in Figure 2 ), and its value ranges from 0 to 1; here we use ratio correction method to perform dimensionless processing of monitoring data of the nine evaluated indicators; x ij is the measured value of index i from the Index layer in the year j; s ij is the guideline value of the evaluation index i from the Index layer. According to the Gaussian distribution principle, theoretically s ij is the historical average of the index i from the Index layer (seen in Figure 2 ).
Calculation for the EHCI of Poyang Lake Wetland
Based on the dimensionless values and weights of the elevated indexes, it is substituted into the calculation formula of the EHCI, and finally the EHIC of Poyang Lake wetland is obtained. The calculation formula of the EHCI is as follows [37] :
where W(CA) i is the weight of the evaluation index i; r ij is the dimensionless value of the elevated index and its value ranges from 0 to 1 here; EHCI is the Ecological Health Comprehensive Index, and the value of EHCI indicates the health status of Poyang Lake wetland. The higher the value, the healthier the wetland is.
Classification of the EHCI of Poyang Lake Wetland
After consideration on the statistical distribution of the EHCI of Poyang Lake wetland, we use the equal interval method with custom interval span [38] , to define the level threshold of the health status of Poyang Lake wetland in accordance to the EHCI values. The classification of the EHCI of Poyang Lake wetland is presented in Table 3 . 
Results and Discussion
Landscape Characteristics in Poyang Lake
The wetland landscape is classified into three categories (i.e., water, vegetation, land-water transition zone) and six subcategories (i.e., deep-water, shallow-water, sparse-grassland, dense-grassland, mudflat and bare-land). Although the areas of the three extracted wetland landscapes fluctuated during the study period, the total areas of the Poyang Lake remained stable, which was always maintained at about 3026 km 2 
Evaluation Results of the Health Status of Poyang Lake Wetland Landscape and its Trend
According to the structure of the Poyang Lake Ecological Health Index (EHIC) (Figure 2 ), we use formula (2) to calculate the EHCI of Poyang Lake wetland during 1989-2013. The EHCI of each year is shown in Figure 4 . The annual EHCI was 100 and 67.56 in 1989 and 2006 respectively, which are both bigger than 60, indicating that the health status of Poyang Lake wetland was healthy in these two years. There are four years where the EHCI (e.g. 2001, 2004, 2008 and 2013 ) is less than 30, indicating that the health status of Poyang Lake wetland was unhealthy in those four years. There are eight years where the EHCI of Poyang Lake wetland is in the range of 30 to 60, which indicates that the health status of Poyang Lake wetland was all sub-healthy. In total of 14 sampling years during 1989-2013, the number of healthy years accounts for 14.29%, unhealthy years accounts for 28.57%, and sub-healthy years accounts for the maximum proportion of 57.14%. The maximum EHCI of Poyang Lake wetland was 100 in the year of 1989, while the minimum EHCI was 22.05 in the year of 2001. Thus Poyang Lake wetland was the most healthy in 1989 and the most unhealthy in 2001. 
According to the structure of the Poyang Lake Ecological Health Index (EHIC) (Figure 2 ), we use formula (2) to calculate the EHCI of Poyang Lake wetland during 1989-2013. The EHCI of each year is shown in Figure 4 . The annual EHCI was 100 and 67.56 in 1989 and 2006 respectively, which are both bigger than 60, indicating that the health status of Poyang Lake wetland was healthy in these two years. There are four years where the EHCI (e.g., 2001, 2004, 2008 and 2013 ) is less than 30, indicating that the health status of Poyang Lake wetland was unhealthy in those four years. There are eight years where the EHCI of Poyang Lake wetland is in the range of 30 to 60, which indicates that the health status of Poyang Lake wetland was all sub-healthy. In total of 14 sampling years during 1989-2013, the number of healthy years accounts for 14.29%, unhealthy years accounts for 28.57%, and sub-healthy years accounts for the maximum proportion of 57.14%. The maximum EHCI of Poyang Lake wetland was 100 in the year of 1989, while the minimum EHCI was 22.05 in the year of 2001. Thus Poyang Lake wetland was the most healthy in 1989 and the most unhealthy in 2001. Figure 5 presents the EHCI of the Poyang Lake wetland and its trend during 1989-2013. It can be seen that the trend of the EHCI of the Poyang Lake wetland shows a downwards trend. The EHCI of the Poyang Lake wetland is decreasing at a rate of 2.94/yr. And the health status of Poyang Lake wetland fluctuates relatively greatly, which shows that the Poyang Lake wetland system has greater flexibility and vulnerability under the influence of the high water level change of Poyang Lake. From Figure 5 , the EHCI of Poyang Lake wetland was gradually reducing, indicating that the health status of the Poyang Lake wetland deteriorated from 1989 to 2013. In consequence, it is high time that people should take some necessary measures to protect China's largest freshwater lake from being destroyed. Figure 5 presents the EHCI of the Poyang Lake wetland and its trend during 1989-2013. It can be seen that the trend of the EHCI of the Poyang Lake wetland shows a downwards trend. The EHCI of the Poyang Lake wetland is decreasing at a rate of 2.94/yr. And the health status of Poyang Lake wetland fluctuates relatively greatly, which shows that the Poyang Lake wetland system has greater flexibility and vulnerability under the influence of the high water level change of Poyang Lake. From Figure 5 , the EHCI of Poyang Lake wetland was gradually reducing, indicating that the health status of the Poyang Lake wetland deteriorated from 1989 to 2013. In consequence, it is high time that people should take some necessary measures to protect China's largest freshwater lake from being destroyed. 
Relationship between the EHCI and the Water Level Fluctuations at the Poyang Lake Wetland
Poyang Lake wetland is rich in water, heat and soil nutrients. The environmental factors, such as the light, heat, temperature and so on, are less important than water regime for the wetland landscape evolution in Poyang Lake. There is a distinctive feature in Poyang Lake that the water level fluctuates naturally with drought and wet cycles, as well seasonal and monthly water level fluctuation is relatively large, with more than a 10 m difference between the lowest and the highest mean monthly water levels [39] . Thus, this study only considers the effect of hydrological condition on the wetland landscape, and ignores the effects of other less important environmental factors, to analyze the effects on health status of wetland landscape in Poyang Lake by the water level 
Poyang Lake wetland is rich in water, heat and soil nutrients. The environmental factors, such as the light, heat, temperature and so on, are less important than water regime for the wetland landscape evolution in Poyang Lake. There is a distinctive feature in Poyang Lake that the water level fluctuates naturally with drought and wet cycles, as well seasonal and monthly water level fluctuation is relatively large, with more than a 10 m difference between the lowest and the highest mean monthly water levels [39] . Thus, this study only considers the effect of hydrological condition on the wetland landscape, and ignores the effects of other less important environmental factors, to analyze the effects on health status of wetland landscape in Poyang Lake by the water level fluctuation.
Due to the EHCI of Poyang Lake wetland being the sum of the weights of the six evaluation indexes (the six types of the sub-wetland landscape) times the dimensionless value of each elevated index respectively, the EHCI of the Poyang Lake wetland is affected greatly by the distribution areas and area ratios between the six types of the sub-wetland landscape. Both previous studies and our study pointed that the distribution pattern of the wetland landscape is obviously affected by the hydrological process in Poyang Lake. Therefore it can be concluded that the EHCI of the Poyang Lake wetland is also influenced by the water regime.
Correlations between the EHCI and water level fluctuations during 1989-2013 at the Poyang Lake wetland is presented in Figure 6 . The corresponding probability p-value of 0.023 is lower than 0.05; therefore, we can conclude that a linear relationship exists between the EHCI and water level fluctuations, with a coefficient of determination of r = 0.55, indicating that the EHCI was greatly affected by water level fluctuations. The effect becomes stronger as the water level rises up. The water level has an impact on the EHCI mainly by influencing the distribution pattern and distribution area of the water, vegetation and land-water transition zone, further affecting the health status of the Poyang Lake wetland. 
Discussions
Based on the comparison of the average daily water level curves in years of three health states, we found that the three curves present the same change trend as the mean annual water level, following the four stages mentioned above and performing a single-peak pattern (Figure 7) . The average water level in years of healthy, sub-healthy and unhealthy is 12.98 m, 13.25 m and 12.40 m respectively. The average water level in years of the healthy state is between that in years of subhealthy and unhealthy state. However, in the perspective of different stages of the year, the water level corresponding to the three health states is quite different. During the water-rising stage, the corresponding water level of three health states from high to low is as follows: healthy > sub healthy > unhealthy. At the water-rising stage, it is the period of water level rising and vegetation growing. The groundwater rise as the rising of lake water level, which has provided adequate water for vegetation growth. When the water level is lower than normal, the vegetation can't grow normally due to lack of water, leading to the sub-healthy and even unhealthy condition. During the wet season, the relationship of corresponding water level of three health states is sub health > healthy > unhealthy. The high water level will lead to the submergence of the vegetation in high beach, such as Phragmites 
Based on the comparison of the average daily water level curves in years of three health states, we found that the three curves present the same change trend as the mean annual water level, following the four stages mentioned above and performing a single-peak pattern (Figure 7) . The average water level in years of healthy, sub-healthy and unhealthy is 12.98 m, 13.25 m and 12.40 m respectively. The average water level in years of the healthy state is between that in years of sub-healthy and unhealthy state. However, in the perspective of different stages of the year, the water level corresponding to the three health states is quite different. During the water-rising stage, the corresponding water level of three health states from high to low is as follows: healthy > sub healthy > unhealthy. At the water-rising stage, it is the period of water level rising and vegetation growing. The groundwater rise as the rising of lake water level, which has provided adequate water for vegetation growth. When the water level is lower than normal, the vegetation can't grow normally due to lack of water, leading to the sub-healthy and even unhealthy condition. During the wet season, the relationship of corresponding water level of three health states is sub health > healthy > unhealthy. The high water level will lead to the submergence of the vegetation in high beach, such as Phragmites and Triarrhena [40, 41] , and the low water level will lead to insufficient water supply to the vegetation in the low beach. Both of the two kinds of extreme water level will cause the degradation of vegetation, therefore, the wetland will be sub-healthy or even unhealthy under the condition of high water level and low water level, and corresponding water level of the wetland health condition is between the water level of sub-healthy and unhealthy. During the water-falling stage, the corresponding water level of the three health states from high to low is as follows: sub-healthy > unhealthy > healthy. Because the corresponding water level of sub-healthy decreased slowly in this stage, most of the vegetation is still submerging, so the growth of vegetation stagnates. The corresponding water level in the unhealthy state changes little in the early period of the water-falling stage compared with the wet season, at this time, the vegetation in high beach is still in the dry state. During the period of October and November, although the water level decline and exposed area of the vegetation starts to increase, most plants stop growing and begin to wither due to the quick drop of air temperature. In the healthy state, the water level begins to decline in the early autumn and the vegetation is exposed. At this time, the temperature in Poyang lake is still high, so the vegetation in low beach grows rapidly, resulting in the wetland presenting a healthy state. During the dry season, affected by the Yangtze River, the water level of Poyang Lake is relatively low, so the water level corresponding to the three health states is not much different. low beach grows rapidly, resulting in the wetland presenting a healthy state. During the dry season, affected by the Yangtze River, the water level of Poyang Lake is relatively low, so the water level corresponding to the three health states is not much different. It can be seen that water level shows an extremely significant positive correlation with water area (P<0.01). When the water level rises, the lake water areas expand, resulting in the areas of the other two landscapes being reduced. Thus, the other two landscapes show an opposite trend to the water level. The difference is that vegetation area shows a significant negative correlation with water level (P<0.05); while land-water transition zone shows an extremely significant negative correlation with water level (P<0.01). In accordance to the absolute value of correlation coefficient, it can be seen that the impacts of water level fluctuation on the three wetland landscapes follow the sequence of It can be seen that water level shows an extremely significant positive correlation with water area (P < 0.01). When the water level rises, the lake water areas expand, resulting in the areas of the other two landscapes being reduced. Thus, the other two landscapes show an opposite trend to the water level. The difference is that vegetation area shows a significant negative correlation with water level (P < 0.05); while land-water transition zone shows an extremely significant negative correlation with water level (P < 0.01). In accordance to the absolute value of correlation coefficient, it can be seen that the impacts of water level fluctuation on the three wetland landscapes follow the sequence of water (r = 0.795) > land-water transition zone (r = 0.678) > vegetation (r = 0.629) in Poyang Lake during 1989-2013 (Table 4) . Combined with the constructed Ecological Health Comprehensive Index (EHCI) structure for Poyang Lake wetland (Figure 2) , it can be inferred that water level fluctuations have great impacts on water, vegetation and land-water transition zone, to affect the EHCI results, and finally to affect the health status of Poyang Lake wetland. 
Conclusions
The freshwater lake wetland health assessment at spatial and temporal scales has become an important issue. Wetland health at a large watershed-scale induced by hydrological processes at a long temporal scale was investigated through the analysis of the EHCI (Ecological Health Comprehensive Index) and the water level fluctuations from 1989 to 2013 based on using Landsat imagery at the Poyang Lake wetland. The following conclusions can be drawn from this study.
(1) During the period from 1989 to 2013, the healthy years account for 14.29%, the unhealthy years account for 28.57%, and the sub-healthy years account for the maximum proportion of 57.14% at the Poyang Lake wetland. The maximum EHCI of Poyang Lake wetland is 100 in the year of 1989, while the minimum EHCI is 22 
